SPECIFICATION 
THE TITLE OF THE INVENTION 

Ultrasonic Inspection Method for Weld Zone 

BACKGROUND OF THE INVENTION AND RELATED ART STATEMENT 

The present invention relates to an inspection method to 
evaluate welding condition. The inspection method transmits 
ultrasonic pulses to a slit as a incomplete penetration in the 
groove weld zone of a flange and a web. 

The inspection method by ultrasonic testing is widely 
known as a conventional method to evaluate welding condition in 
the groove weld zone of the flange and the web. The inspection 
method, which transmits ultrasonic pulses to an object for 
inspection and then measures the echoes, can specify the 
location and size of reflection sources in the object based on 
the echoes. However, the inspection method can not specify the 
shape, size and angle of flaws precisely in the object. 

Generally, the inspection method estimates roughly the 
size of the each flaw based on the maximum echo and estimates 
the length of the each flaw as a ultrasonic flaw length based on 
a dimension where a certain level of the echo is measured. 
Thus, the inspection method can not measure precisely the depth 
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of the flaw. A new inspection method, which can measure 
precisely the depth of the flaw, is expected. 

As a conventional inspection method to evaluate welding 
condition in the weld zone, the single probe technique, as 
disclosed in, for example, Japanese Patent Application KOKAI 
Publication No. 60-57250 and Japanese Patent Application KOKAI 
Publication No . 2000-310521, is known. 

The inspection method, disclosed in the KOKAI Publication 
No. 60-57250, transmits ultrasonic pulses from the probe to the 
weld zone at an angle of 70 degrees, receives the echoes, 
measures the time and the echo height, and calculates the 
location of reflection sources by mean of the trigonometric 
function based on the measured time and the echo height. 

However, it is very difficult to acquire high-precision 
data by this inspection method because this inspection method 
estimates the location of the reflection source, scans on every 
side with the probe, and determines the flaw by the echo height. 
And, although it is comparatively easy to measure the length 
of the flaw in line with the weld zone, it is very difficult to 
measure the depth of the flaw by this inspection method because 
there is no clear inspecting standard and the echoes return 
from not only the flaws. An experienced operator is required 
for this inspection method. 



- 2 - 



Moreover, the inspection method disclosed in the KOKAI 
Publication No. 2000-310521 is the single probe technique. 
This inspection method measure the length of an unwelded zone 
at the point where the maximum echo is measured by transmitting 
the ultrasonic pulses from the probe, which moves backward and 
forward on the web, and by receiving the echoes returned from 
the unwelded zone to the probe. In the Publication, the 
inspection method is described as the method using the relation 
that the height of the maximum echo is relative to the length of 
the unwelded zone. 

However, .in this inspection method, the echo height does 
not only depend on the length of the unwelded zone but highly 
depends on the condition of the contact faces of the flange and 
the web, such as surface-roughness at the unwelded zone, or the 
size of a slit when there is a slit at the unwelded zone. Since 
the condition and the size of the slit cause errors in measuring 
the length of the unwelded zone by the echo height, this 
inspection method can not measure precisely. 

This inspection method transmits ultrasonic pulses from 
the end face of the flange to the unwelded zone, and calculates 
the length of the unwelded zone based on the difference of the 
arrival time of both echoes, one is returned from the end of the 
unwelded zone at the tip side of the groove, and the other is 
returned from the bottom side of the web. 

This inspection method measures the length of the 
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unwelded zone by digitizing the echoes and by calculating its 
digitized numerical values based on certain formulas because 
the difference of the arrival time of the both echoes is very 
small. Thus, this inspection method requires accurate 
processing and special measuring devices, and raises its 
costs. 

Meanwhile, with respect to the evaluation of the quantity 
of a penetration at the weld zone, a method is conceivable that 
the actual quantity of the penetration is determined by the 
information of a incomplete penetration (the slit) by means of 
the angle beam method with the probe from the outer surface of 
the web. In this method, a technique is required to recognize 
the difference of the size of the slit by 0.1mm. 

At the slit, the diffusion and incidence angle of the 
ultrasonic pulses are important issues because it is difficult 
to identify the size of the slit and the echoes returned from 
the slit. 

Therefore, a problem that has to be solved is to obtain 
the best combination, such as the combination of the transducer 
of the probe, the ultrasonic frequency, the testing position, 
and the incidence angle of the ultrasonic pulses, etc. 

SUMMARY OF THE INVENTION 

The present invention was contrived in the view of the 
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problems mentioned above in the ultrasonic inspection method 
for the weld zone. The present invention therefore aims to 
provide the inspection method which can measure precisely the 
height of the slit. 

In accordance with the present invention, the following 
steps are taken. 

preparing test pieces, each of said test piece has a slit, said 
slit has a different height and an almost the same shape as a 
slit in said weld zone; 

transmitting ultrasonic pulses by a probe to said slit in said 
each test piece and measuring echoes by said probe while moving 
said probe on said each test piece; 

determining a measuring position where an echo height 
extracted from a measured echo of a basic test piece is clearly 
distinguished from echo heights extracted from measured echoes 
of other test pieces; 

providing a master data based on said each echo height at said 
measuring position; 

locating said probe at said measuring position on said flange 
or said web; 

transmitting ultrasonic pulses by said probe to said slit in 
said weld zone and measuring echoes by said probe while moving 
said probe on said flange or said web; 

comparing said measured echoes returned from said weld zone 
with said master data; 
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determining a welding condition at said weld zone. 

In addition, when said probe is installed in a tracing 
apparatus which is provided with at least one roller, the 
present invention can determine the welding condition at the 
weld zone with maintaining the distance between the weld zone 
and the probe . 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a side view showing the inspection method of the 
present invention on a real product 1 . 

Fig. 2 is a perspective view showing a deck plate 2 and a 
trough rib 3 as an example of the real product 1 . 

Fig. 3 is a perspective view showing a test piece 6. 

Fig. 4 is a side view showing the test piece 6 and 
ultrasonic pulses transmitted by a probe 11 . 

Fig. 5 is a data table 12 showing the echo height of the 
each test piece 6. 

Fig. 6 is a master data 13 showing the echo height at 
measuring position A. 

Fig. 7 is a perspective view showing one application of 
the inspection method of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The ultrasonic testing method concerning the present 
invention is described in respect of a preferred embodiment 
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shown in the Fig. 1 and Fig. 2. The method is performed at the 
weld zone 4, where a deck plate 2 and a trough rib 3 are welded, 
in the real product 1. At first, test pieces 6 having a slit 7 
are prepared. The slit 7, as shown Fig. 3 and Fig. 4, has an 
almost the same shape as the slit 5 in the weld zone 4. 

The each test piece 6 has a block 9 in one end of a base 
plate 8 having the same thickness as the trough rib 3 (e.g. 
8mm) . The block 9 has a inclined plane 10 over against the base 
plate 8, the inclined plane 10 has the same angle as the slit 5 
in the real product 1. The bottom face of the block 9 is 
projected below the backside of the base plate 8. The slit 7 is 
formed between the base plate 8 and the block 9 . 

Since the height of the slit 5 has to be 2.0mm or less than 
2.0mm when the thickness of the trough rib 3 is 8.0mm (25% or 
less than 25% of the thickness of the trough rib 3 is required) , 
ten test pieces 6 having the different height at the slit 7 from 
0.3mm to 5.0mm are prepared. In these test pieces 6, one test 
piece 6 which has about 25% of the thickness of the trough rib 
3, the height of the slit 7 is 2mm in the present embodiment, is 
defined as a basic test piece. 

A probe 11, located on the base plate 8 of the each test 
piece 6 as shown in FIG. 4, transmits ultrasonic pulses to the 
slit 7 and measures the echo. When measuring the echo, the 
probe 11 is located at the reference position where the 
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distance between the lower end 7a of the slit 7 and the probe 11 
is 0.5s (Skip). The probe 11 is moved from the reference 
position to -8.0mm and to 10.0mm at intervals of 2.0mm, and the 
echo is measured at the each moved position. 

In this way, the echoes at the different positions of the 
each test piece 6 are measured, the data table 12 as shown FIG. 
5 is made . 

The data table 12 in FIG. 5 shows the echoes height 
extracted from the measured echoes at the each measuring 
position. It is understood that it is more difficult to 
distinguish the echo height of the basic test piece 6 (the 
height of the slit 7 is 2mm) from other test pieces 6 having 
over 2mm in the height of the slit 7 at the reference position. 

And it is understood that the echo height of the basic 
test piece 6 clearly distinguished from the echo heights 
extracted from the measured echoes of other test pieces 6 when 
the probe 11 is moved from the reference position to -4.0mm and 
further . 

Moreover, since it is understood that the probe 11 may 
come in contact with the weld zone 4 in the real product 1 when 
the probe 11 closes too much to the slit 7, the position moved 
4mm from the reference position to the slit 7 is suitable for 
the measuring by the probe 11. Therefore, in the present 
embodiment, the position moved 4mm from the reference position 
to the slit 7 is determined as a measuring position A. 
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Next, a master data 13 is prepared as shown in Fig. 6. The 
master data 13 is provided based on the echo height which is 
extracted from the measured echo at the measuring position A of 
the each test piece 6. The master data 13 clearly shows that 
the height at the unwelded zone is lower than 2mm when the echo 
height is higher than 37.6dB (lower than 2mm disregard level 
shown in Fig. 6 as a dotted line) . 

Then, the probe 11, located at the measuring position A on 
the trough rib 3 of the real product 1 as shown in Fig. 1, 
transmits ultrasonic pulses to the weld zone 4 and measures the 
echo. The measured echo is compared with the master data 13, 
and the welding condition at the weld zone 4 is determined to be 
good when the echo height is lower than the 2mm disregard level 
because the height of the unwelded zone is lower than the 2mm. 

As mentioned above, this inspection method can determine 
the welding condition at the weld zone 4 with maintaining the 
distance between the weld zone 4 and the probe 11. Therefore, 
this inspection method is applicable to apparatuses such as a 
tracing apparatus 14 as shown in Fig. 7. The tracing apparatus 
14, having the probe 11 and rollers 15,15, can inspect the 
entire welding condition at the weld zone 4, while moving in 
line with the weld zone 4, by transmitting ultrasonic pulses 
and by recognizing that the echoes are higher than 37.6dB. 

In addition, as an using example of this inspection 
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method, an automatic welding machine is structured with the 
probe 11 and a monitor that displays the inspection result. 
With this structure, the operator of the automatic welding 
machine can determine the good or bad of the welding condition 
promptly with watching the monitor. 

Moreover, this inspection method is applicable to an 
inspection for the weld zone of the flange and the web in 
established constructions, although the inspection method for 
the weld zone of the deck plate 2 and the trough rib 3 is 
explained in the above-mentioned embodiment. And, this 
inspection method is available to an inspection for fatigue 
cracks in established constructions, although the inspection 
method in quality control after welding is explained in the 
above-mentioned embodiment. 

In addition, the test piece 6 having 8mm base plate 8 is 
prepared in the master data 13 since the thickness of the trough 
rib 3 in the real product 1 is 8mm. But even the thickness of 
the trough rib in the real product is not 8mm, by means of 
preparing its test piece corresponding to the trough rib and by 
means of determining its measurement position based on the 
pulse angle and the thickness of the base plate of the test 
piece, its master data is made and the depth of the unwelded 
zone is measured by just comparing the master data with the echo 
height returned from the weld zone of the real product. 
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This inspection method at the weld zone, concerning the 
present invention as above mentioned, can easily determine the 
welding condition by just comparing the master data with the 
echo height returned from the weld zone of the real product, 
since the master data is made based on the data from the 
prepared test pieces corresponding to the real product. 

In addition, this inspection method can determine the 
welding condition at the weld zone with maintaining the 
distance between the weld zone and the probe. Therefore, this 
inspection method is applicable to a tracing apparatus and can 
inspect the entire welding condition at the weld zone. 
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